Abstract Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in persons with type 1 diabetes (T1D). Specific risk factors associated with diabetes, such as hyperglycemia and kidney disease, have been demonstrated to increase the incidence and progression of CVD. Nevertheless, few data exist on the effects of traditional risk factors such as dyslipidemia, obesity, and hypertension on CVD risk in youth with T1D. Improvements in understanding and approaches to the evaluation and management of CVD risk factors, specifically for young persons with T1D, are desirable. Recent advances in noninvasive techniques to detect early vascular damage, such as the evaluation of endothelial dysfunction and aortic or carotid intima-media thickness, provide new tools to evaluate the progression of CVD in childhood. In the present review, current CVD risk factor management, challenges, and potential therapeutic interventions in youth with T1D are described.
Introduction
The incidence of cardiovascular disease (CVD) in persons with type 1 diabetes (T1D) is substantially higher than in individuals without diabetes and is the leading cause of their morbidity and mortality [1, 2] . In a large population study, the risk of death from CVD in persons with T1D with on-target glycemic control was more than twice the risk in the general population, and 10 times greater in subjects with poor glycemic control [3••] . Even if coronary, cerebrovascular, and peripheral arterial disease become manifest only in adulthood, the process of atherosclerosis at the endothelial level begins early in T1D individuals [4, 5] . Therefore, patients with T1D diagnosed during childhood are at especially high risk of developing premature CVD [6•] . This review will focus on traditional risk factors for CVD in youth with T1D. The role of glycemic control, hyperlipidemia, hypertension, and overweight/obesity in the pathogenesis of CVD in youth with T1D will be discussed as well as opportunities for interventions to reduce their impact (Fig. 1) . While smoking remains a potent CVD risk factor and should be avoided in all young persons, discussion of this risk factor is not included.
Glycemic Control and CVD Risk
The associations between elevated hemoglobin A1c and excess CVD mortality are clear [3••] and have been substantiated in the Epidemiology of Diabetes Interventions and Complications (EDIC) follow-up of the effects of intensive glucose control in the Diabetes Control and Interventions Trial (DCCT) [7••, 8 ] and a populationbased registry study from Sweden comparing patients with T1D with age-matched controls [3••] . However, the relationship between A1c elevations and CVD risk, especially coronary artery disease (CAD) risk, appears to be weaker than the relationship between elevated A1c and microvascular complications in individuals with T1D [9, 10] .
Poor glycemic control in persons with T1D increases risk for diabetic nephropathy, and diabetic nephropathy, in turn, is associated with premature CAD; thus, diabetic nephropathy may account for a significant portion of the excess CVD risk found in individuals with T1D [9, 11] . Recent studies have tried to sort out an independent effect of glycemic control on CVD risk in T1D. In a longitudinal study [12] , renal disease (defined as diabetic nephropathy, end-stage renal disease, or dialysisrelated complications) contributed to 67 % of all CVD deaths before 20-years' duration of T1D and to 85 % of all CVD deaths after 30-years' duration of T1D. Even patients with the earliest and mildest form of diabetic kidney disease, with increased albumin excretion (microalbuminuria) below the proteinuric range, experienced excess CVD mortality versus individuals with T1D and normal albumin excretion [13] . Poorer glycemic control is closely linked to elevated albumin excretion in youth with T1D. In youth participating in the T1D Exchange Clinic Registry study, those youth with an A1c level ≥9.5 % had about 5 times the odds of microalbuminuria versus youth with an A1c level of 6.5-<7.5 % [14] .
It is likely that improving glycemic control in T1D will lead to significant reductions in CVD risk. The American Diabetes Association glycemic targets have recently been lowered and are now harmonized with the International Society for Pediatric and Adolescent Diabetes target of a hemoglobin A1c level <7.5 % for children with diabetes <18 years old [15, 16] . Unfortunately, national and international data consistently describe that youth with T1D is not meeting glycemic targets [17] . In the USA, minority youth especially struggle to reach glycemic targets [18, 19] . Adolescents in the late teenage years and young adults during the years of emerging adulthood in the early 20s demonstrate higher A1c levels than younger youth [19] [20] [21] , suggesting that increased autonomy in self-management tasks and competing social and emotional issues during these vulnerable periods contribute to the hyperglycemia and uncontrolled diabetes.
Identifying approaches to improve self-care behaviors to optimize glycemic control during these critical developmental stages is particularly important as antecedents of clinical CVD and CAD are certainly evident by the end of the second decade and the beginning of the third decade of life. However, it is never too late to work towards optimal glycemic control; even after the onset of kidney disease, improvements in glycemic control can favorably alter the risk of diabetic kidney disease progression [22] . Many studies have examined family-based behavioral interventions aimed at improving adherence and glycemic control in youth with T1D [23, 24] . In a meta-analysis of adherence-based interventions in pediatric T1D, studies that targeted psychosocial factors in addition to process-oriented, behavioral factors were most effective, although the pooled effect of these interventions on A1c was modest [25] . Technological advances in insulin delivery are also helping to improve glycemic control. Insulin pump therapy with continuous glucose monitoring yielded greater improvement in A1c than multiple daily injections in a 1-year randomized clinical trial [26] . Integrating the continuous glucose monitor and insulin pump into closed loop/ artificial pancreas technologies increases glucose time in range in research studies [27, 28] but is not yet available for clinical use. Short of therapies that restore or replace beta cell function, further advances in automated insulin delivery that can simplify diabetes self-care are needed to allow the majority of youth to achieve optimal glycemic control aimed at reducing CVD risk. 
Dyslipidemia
Rates of dyslipidemia in the general pediatric population and in pediatric patients with well-controlled T1D are similar. In 164 youth with T1D participating in the SEARCH for diabetes in youth cohort study with A1c <7.5 %, rates of total cholesterol ≥200 mg/dl, LDL ≥130 mg/dl, or HDL ≤35 mg/dl were each present in 7-8 % of the SEARCH study population [29] , rates that were slightly lower than those in a comparison population of youth without diabetes. In that same study, rates of elevated triglycerides (≥150 mg/dl) were better in the youth with well-controlled diabetes compared to the youth without diabetes. However, elevations in A1c have been shown to lead to elevations in LDL cholesterol [30•, 31] and, thus, youth with sub-optimally controlled diabetes has a more atherogenic lipid profile than youth without T1D [29] . Furthermore, rates of atherogenic LDL cholesterol subtypes such as elevated ApoB levels and elevated small, dense LDL particles are greater in youth with T1D than youth without diabetes regardless of metabolic control [29] .
The National Heart Lung and Blood Institute (NHLBI) [32] , American Diabetes Association (ADA) [33] , and American Heart Association (AHA) [34] each have guidelines for the evaluation and management of dyslipidemia in pediatric patients with diabetes. While the guidelines differ slightly (Table 1) , all agree that dyslipidemia should be more aggressively managed in youth with diabetes versus youth without diabetes. The Pittsburgh Epidemiology of Diabetes Complications study demonstrated that LDL ≥100 mg/dl and HDL <45 mg/dl at baseline significantly increased coronary artery disease risk 10 years later, providing epidemiological evidence for lipid targets in individuals with T1D [35] . All guidelines recommend lifestyle changes that include a diet limiting fat intake, exercise, and/or improved glycemic control as first steps in lipid management. While studies focused on lifestyle counseling to improve dyslipidemia in pediatric T1D have not been completed, lifestyle interventions in youth with hyperlipidemia, with obesity, or in the general school-based population have generally shown only modest improvements in lipid levels [36] [37] [38] . One interventional study was particularly successful in lowering LDL cholesterol in obese, predominantly Black and Hispanic pediatric patients with ages 8-16 who did not generally have elevated LDL at baseline [39] . The intervention was a family-based group intervention consisting of group exercise sessions, behavioral modification sessions, and nutrition education. At 24 months, in the intervention group, LDL levels had decreased to 4 mg/dl from baseline and were 10 mg/dl less than those in youth randomized to the control group (p=0.01). In a national survey, the most frequently reported barrier to managing dyslipidemia in youth with type 2 diabetes, reported by over three quarters of pediatric endocrinologists, was difficulty enacting lifestyle changes [40] . These endocrinologists were acknowledging what pediatric studies also demonstrate; even in the best of circumstances, lifestyle changes sufficient to resolve dyslipidemia remain elusive in youth.
Medication use for pediatric dyslipidemia also remains challenging. The primary lipid derangement for which medications are indicated is high LDL. Guidelines consistently recommend using statins as first-line therapy; however, studies document insufficient medication use for high LDL in youth with T1D. In the SEARCH cohort, 3 % of pediatrics patients over 10 years of age had an LDL >160 mg/dl while only 1 % of them were treated with lipid-lowering medications [41] . In another cohort, only 3 % of those who qualified for statin therapy based upon ADA guidelines were being treated with a lipid-lowering medication [42] . The substantial changes in guidelines for cholesterol management for adults with diabetes [43] are discordant with pediatric guidelines and may be leading to confusion for pediatric diabetes providers. In 2013, guidelines recommended that all individuals aged ≥40 years with T1D should be placed on a statin while very few individuals with T1D aged <40 years with LDL <190 mg/ dl would qualify for statin therapy. If pediatric endocrinologists were to follow both pediatric ADA guidelines and adult AHA guidelines, they would be placing teenage patients on statins for LDL levels ≥130 mg/dl (in the presence of additional CVD risk factors) only to stop them again when the patient reached adulthood. In addition to the discordance between pediatric and adult guidelines, pediatric diabetes providers may also be concerned about the lack of evidence to direct their choice of the optimal age to initiate therapy, the LDL level (if any) indicating the need to initiate therapy, the target LDL level, and/or statin dose to use. The Adolescent Type 1 Diabetes Cardio-renal Intervention Trial (AdDIT) [44] , a multinational randomized controlled study of angiotensinconverting enzyme (ACE) inhibitors and statin therapy in high-risk adolescents with T1D (defined as those with high normal urinary albumin excretion) is projected to finish in 2016 [45] and should provide valuable data on the safety and efficacy of statin therapy in adolescents with T1D and on clinical outcomes related to diabetic renal disease, carotid intima-media thickness (c-IMT), and CVD risk.
Overweight/Obesity
Data about the prevalence of overweight and obesity in children with T1D vary [46•] . The global TEENS study showed that around 17 % of children and adolescents with T1D are overweight and an additional 10 % are obese [47] . In the USA, the SEARCH for Diabetes in Youth Study demonstrated that 34 % of youth with T1D is overweight or obese, which is similar to US youth without diabetes (33 %) [48] . As has been demonstrated in US youth without diabetes, minority youth (African-American, Asian or Pacific Islander, American Indian, Hispanic) with T1D has a higher risk of obesity than Non-Hispanic white youth with T1D [48] . In addition to traditional risk factors associated with weight gain in the general population, such as high energy intake, poor dietary quality, sedentary behavior, decreased physical activity, and an obesogenic environment [49] , specific features related to insulin treatment also contribute to weight gain in youth with T1D. Intensive insulin therapy may lead to weight gain or can impede efforts at weight loss. The Diabetes Control and Complications Trial (DCCT) demonstrated the benefits of tight glucose control on reducing the development of microvascular complications of T1D [50] but also yielded a threefold higher rate of weight gain for patients receiving intensive insulin therapy [51] . Thus, while intensive insulin therapy during the DCCT has been shown to lower the development of micro-and macrovascular complications in patients with T1D, its beneficial effects may be partially offset by concomitant weight gain due to the occurrence of obesityassociated CVD risk factors [52•]. Fortunately, recently published data suggest that current approaches to intensive insulin therapy, using more physiologic insulin delivery with insulin analogs and pump therapy, are no longer associated with an increased occurrence of overweight and obesity in youth with T1D [53•]. On the other hand, the rates of overweight and obesity in youth with T1D remain elevated at ∼33 %, as noted above [48] . Prevention and treatment of overweight and obesity with educational and behavioral strategies focused on improving diet and increasing physical activity remain the mainstay of management. Nevertheless, these strategies often yield limited success in the general population and there are additional barriers to successful implementation in youth with T1D. Young children with T1D consume high-fat, low-fiber diets when compared to youth in the general population in American, European, and Asian cohorts of children [54, 55•, 56] . It has been hypothesized that the attention to matching insulin to carbohydrate intake may impact on the consumption of other macronutrients [57] . Recommended intakes are rarely achieved in T1D youth, and modifying dietary behaviors represents one of the most challenging goals of nutrition education. Due to environmental, physiological, cultural, and social factors, dietary behavior changes are difficult and often met with ambivalence or resistance [58] . As unhealthy dietary habits may affect the risk of long-term complications, new approaches to support families to facilitate healthful eating are needed. Nutrition education is recognized as necessary but insufficient as the sole strategy to address all of the factors that impact dietary behaviors. Behavioral approaches that increase motivation and promote skill development for children and families may increase the likelihood of achieving dietary behavior change [59] . Further studies on behavioral nutrition interventions in T1D youth are needed.
Technologies may support the education process. The use of smartphone tools, such as text messaging or applications to monitor dietary intake, could successfully support healthy lifestyle activity, provide education, and encourage healthy nutrition. In a recent study, the feasibility and acceptability of a daily text messaging intervention focused on nutrition and healthy lifestyle activities in youth with T1D was examined [60] . The majority of participants (82 %) found the text messaging support useful in helping them with their health goals, opening new lines of investigation to support behavior modification. The cost of these kinds of intervention still remains a barrier to consistent use in large populations.
Regular physical activity is known to have a positive impact on muscle mass, strength, bone density, cardiorespiratory fitness, body composition, psychological health, and executive functioning [61•] . In young persons with T1D, a beneficial effect of exercise has been reported on total cholesterol, triglyceride levels, A1c, and insulin sensitivity [62] . Nonetheless, a vast majority of youth with T1D spends less time physically active compared to their peers without diabetes [61•] . Exercise can be especially challenging for youth with T1D due to the occurrence of exercise-induced hypoglycemia [63] . The improved flexibility of new insulin regimens, new insulin analogs, and the greater use of insulin pump therapy have reduced the occurrence of hypoglycemic events, but hypoglycemia remains a challenge and often an impediment to exercise for youth with T1D [61•, 64] . Hypoglycemia in response to exercise demands urgent treatment with additional carbohydrates, sometimes negating the weight benefits of exercise for overweight/obese youth. General guidelines exist for prevention of hypoglycemia during and after exercise [63] ; however, the majority of studies upon which the management recommendations are based have excluded obese youth with T1D (BMIs ≥95th percentile) [53•, 63] .
The complex decision-making to ensure the right amount and timing of insulin administration, food ingestion before and after exercise, and an understanding of post-exercise glycemic excursions can also discourage youth with T1D from regular physical activity [61•] . Individualized plans to manage hypoglycemia during and after exercise may help youth with T1D exercise successfully. New algorithms and decision support technologies may assist in exercise management; these include suspension of basal rates or temporary basal rates for those using pump therapy and the use of real-time continuous glucose monitoring systems [65, 66] . Similarly, the lowglucose suspend pump feature available with sensoraugmented pumps has been shown to reduce the duration and severity of exercise-induced hypoglycemia in adults, without causing rebound hyperglycemia [67] . It is important to support families and youth with T1D in overcoming barriers to practice physical activity by personalizing the management plan.
Obesity and its associated insulin resistance may also improve in obese persons with T1D by pharmacological treatments. Metformin, glucagon-like peptide-1 agonist therapy, or sodium glucose cotransporter-2 inhibitor therapy may be beneficial therapies for glucose control and the management of comorbid obesity in adults with T1D [68] . In a recent randomized controlled trial of overweight and obese adolescents with T1D, metformin reduced insulin requirements, suggesting a beneficial role for metformin therapy in overweight and obese youth with T1D [69] . Future research should also address identifying approaches for successful weight management in the substantial numbers of pediatric patient with T1D who are overweight and obese, given the challenges associated with exogenous insulin therapy.
Hypertension
Around 4-6 % of youth with T1D has elevated blood pressures in the hypertensive range on one to two occasions [42, 70, 71 •], a rate similar to that found in youth without T1D. Minority youth with T1D, especially Asian Pacific Islanders and American Indians, has substantially higher rates of blood pressure elevations [70] . As has been demonstrated in other populations, overweight and obesity increase the risk of elevated blood pressure in youth with T1D [70] . Studies also demonstrate a relationship between elevated A1c and elevated blood pressure, but a causal relationship between high A1c levels and high blood pressure has not yet been established [70] .
Recommendations for the treatment of hypertension and prehypertension in youth with T1D differ slightly between ADA guidelines [33] and NHLBI guidelines [ 3 2 ] . N H L B I g u i d e l i n e s d i s t i n g u i s h b e t w e e n prehypertension (BP mean that is ≥90th percentile for age, sex, and height or ≥120/80 mmHg), stage 1 hypertension (defined as mean BP ≥95th percentile for age, sex, and height but <99th percentile plus 5 mmHg), and stage 2 hypertension (defined as mean BP ≥99th percentile plus 5 mmHg) in order to determine the speed and intensity of the workup as well as treatment strategies. The NHLBI guidelines use identical criteria for the evaluation and treatment of elevated BP in youth with and without diabetes; however, the treatment target for youth with T1D is a BP <90th percentile for age, sex, and height, while for the general population, it is <95th percentile for age, sex, and height. ADA guidelines differ from the NHLBI guidelines by recommending that clinicians consider medications even for blood pressures ≥90th percentile for age, sex, and height (prehypertensive range) if, after 3-6 months of therapeutic lifestyle efforts, BP shows no improvement. Epidemiological evidence for more intensive management of blood pressure in individuals with T1D comes from the Pittsburgh Epidemiology of Diabetes Complications trial, which shows greater than twice the risk for coronary artery disease when the baseline blood pressure was ≥120/90 mmHg 10 years earlier [35] .
The effective management of hypertension in youth remains challenging. Hypertension is not appropriately diagnosed in the majority of both youth in the general pediatric population [72] and youth with T1D [71•] with persistent elevations in blood pressure measurements over time. Interventions targeting lifestyle change, including healthy eating and exercise in youth in the general population [38] or in overweight and obese youth [37, 39, 73] , achieve, at most, only small (<2 mmHg) reductions in blood pressure, demonstrating the challenges of implementing effective lifestyle changes for blood pressure management in the pediatric population. Medications, typically angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers, are recommended in youth with diabetes and hypertension when lifestyle changes are unsuccessful. However, a recent large US study demonstrated that only 52 % of youth with T1D and hypertension (documented by providers in the medical record) was prescribed with such therapies and only 32 % of those who were treated achieved BP treatment goals [71•] . In addition to providing information on statin therapy, the AdDIT trial will provide much needed data on the safety and efficacy of ACE inhibitor therapy in youth with T1D [44] .
Pediatric Antecedents of CVD: Surrogate Markers of CVD and Associations With Traditional Risk Factors
While the mechanisms behind vascular pathology in youth with obesity and type 2 diabetes have been described [74] , the mechanisms underlying vascular pathology as well as the timeliness and need for interventions in youth with T1D are less well understood [75] [76] [77] [78] . Endothelial dysfunction and early atherosclerosis relate to hyperglycemia, hypercholesterolemia, obesity, and hypertension [79, 80] as subsequently described.
Surrogate Markers of CVD: Endothelial Dysfunction
Because CVD is rarely present in childhood or adolescence, clinical investigators are seeking early markers of increased CVD risk in youth with T1D. Alterations in vascular function typically precede the development of vascular anatomical pathology [76, 78] and include reduced endothelial function, reduced arterial compliance, and an increase in circulating inflammatory markers [74] . Endothelial dysfunction is the inability of the artery to sufficiently dilate in response to an appropriate endothelial stimulus [77] , and it is an early event in the development of atherosclerosis [77, 81] . Several mechanisms and markers of the mechanisms have been implicated in endothelial dysfunction, for example hyperglycemia [79] , oxidative stress, advanced glycosylation end products (AGEs), protein kinase C and polyol pathway activation [82] , and inflammation noted by elevations in C reactive protein [79, 83] . The dysfunctional endothelium adopts a prothrombotic, proinflammatory, and vasoconstrictive phenotype, promoting the early development of atherosclerosis [81, 84] .
Endothelial function can be assessed noninvasively by flow-mediated dilation (FMD) of the brachial artery; this assessment of endothelial fitness has increased the feasibility of identifying CVD risk in pediatric patients [82] . In youth with T1D, peak FMD was found to be significantly lower in children and adolescents with T1D compared to healthy controls [5, 79] . Moreover, the presence of endothelial dysfunction is positively correlated with early structural atherosclerotic damage, measured by carotid intima-media thickness (c-IMT) [5] . Recent data has shown c-IMT mean values to be higher in T1D adolescents compared with healthy controls (p<0.02) [85] . Additionally, in youth with T1D, the rate of urinary albumin excretion positively correlated with aortic intimamedia thickness (a-IMT), which is a measure of subclinical atherosclerosis, suggesting that the relationship between renal disease and atherosclerosis may begin in childhood [86•] .
Surrogate Markers of CVD: Arterial Stiffness
Functional and structural changes in the artery wall can reduce arterial compliance, limiting distension of the arterial vessel during systole and favoring obstructive and thrombotic events of the atherosclerotic process [87] . Structural changes in the artery wall differ in the large and small arteries and include modifications of elastin, collagen fibers, and smooth muscle cells. Alterations in function and structure of arterial wall are the earliest changes in the atherosclerotic process in individuals with and without diabetes [88, 89] . Recent results from the SEARCH study demonstrated that increased arterial stiffness (measured by carotid-femoral vascular segment pulse wave velocity, augmentation index, and brachial artery distensibility) is present in youth with T1D compared to matched controls without T1D, after controlling for traditional risk factors. These findings indicate that T1D can affect both central and peripheral vasculature [90] and support previous reports [91, 92] .
Surrogate Markers of CVD and Glycemic Control
Hyperglycemia can cause endothelial injury and dysfunction, increasing oxidative stress, via an increase in reactive oxygen species and a reduction of antioxidant reserves [79] . A positive correlation between c-IMT and fasting blood glucose levels (r=0.47, p<0.05) has been demonstrated in adolescents with T1D [79] . Further, there is a positive correlation between long-term hyperglycemia and endothelial dysfunction [93, 94] , with a key role played by the historical mean A1c rather than current A1c, supporting the role of metabolic memory in determining future vascular damage [93, 94] . Thus, further investigations are needed to detect if early markers of vascular damage may be reversed in response, for example, to intensive insulin therapy, leading to improved glycemic control [80] . In a clinical trial, endothelial dysfunction and oxidative stress are partially reversed by intensive insulin therapy [95] .
Surrogate Markers of CVD and Dyslipidemia
Hypercholesterolemia has also been associated with an increase in c-IMT in children and youth without diabetes [96] . T1D in youth may impact lipid levels (see above) as well as c-IMT [97, 98] . Children with T1D who demonstrate endothelial dysfunction compared to those without endothelial dysfunction have higher concentrations of LDL cholesterol [5] . Higher triglyceride to HDL-C ratio has also been associated with increased arterial stiffness in youth with T1D [90] .
Surrogate Markers of CVD and Overweight/Obesity
Body composition and z-BMI may also affect endothelial function and atherosclerosis. The proinflammatory action of obesity and its association with insulin resistance promote the development and progression of atherosclerosis [99] . Obese children and adolescents have altered endothelial function and increased c-IMT when compared to healthy controls [100] [101] [102] [103] . In a recent study, c-IMT scores were compared among youth with T1D, obese youth, and controls and demonstrated higher c-IMT in both youth with T1D and obese youth, with the highest c-IMT scores in obese youth [85] . The potential additive effects of both obesity and T1D on c-IMT warrant further studies.
Surrogate Markers of CVD and Hypertension
Blood pressure is strongly associated with endothelial dysfunction, arterial stiffness, and c-IMT [74] . Systolic blood pressure is inversely associated with endothelial function [104] and directly related to arterial stiffness [88, 90] and c-IMT [105] . Additional information regarding c-IMT and anti-hypertensive treatment in youth with T1D should be forthcoming in the AdDIT study.
Conclusions
Cardiovascular disease remains the leading cause of premature mortality in patients with T1D. Addressing cardiovascular risk factors during the pediatric and young adult years is likely critical in order to reduce risk for CVD and avoid reductions in life expectancy for persons with T1D. Traditional CVD risk factors, including dyslipidemia, overweight/obesity, hypertension, and smoking, as contributors to CVD risk in patients with T1D, should all be assessed and managed aggressively. Additionally, hyperglycemia and poorly controlled diabetes remain potent predictors of overall mortality and CVD.
Achieving optimal glycemic control continues to be problematic for the overwhelming majority of young persons with T1D. In addition, persons from racial and ethnic minority groups often experience greater challenges with achieving glycemic targets, possibly related to differences in socioeconomic status in these vulnerable subgroups. Recent data have uncovered disparities with respect to the use of advanced diabetes technologies in certain racial and ethnic minority groups [106, 107] . Also, racial and ethnic minority groups experience a greater likelihood of developing components of the metabolic syndrome further increasing their risk for CVD. Thus, it is important to address traditional CVD risk factors as well as glycemic control in all pediatric and young adult patients with T1D, with particular attention given to those from racial and ethnic minority groups. Providers should be attuned to the pediatric guidelines for identification and management of dyslipidemia, overweight/obesity, and hypertension with interventions delivered in a culturally sensitive manner especially across the pediatric age span and different racial and ethnic groups.
In the current era, there are many opportunities to preserve health and prevent complications for young persons with T1D. However, it remains evident that persons with T1D continue to experience reduced life expectancy, with CVD as the major contributor to premature mortality. Attention to cardiovascular risk factors during the pediatric years along with efforts aimed at optimizing glycemic control may reverse this trend.
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